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ABSTRACT

The Sloan Digital Sky Survey has discovered az = 2.4917 radio-loud active galactic nucleus (AGN) with
a luminous, variable, low-polarization UV continuum, HI two-photon emission, and a moderately broad Lyα
line (FWHM≃1430km s−1) but without obvious metal-line emission. SDSS J113658.36+024220.1 does have
associated metal-line absorption in three distinct, narrow systems spanning a velocity range of 2710 km s−1.
Despite certain spectral similarities, SDSS J1136+0242 isnot a Lyman-break galaxy. Instead, the Lyα and two-
photon emission can be attributed to an extended, low-metallicity narrow-line region. The unpolarized continuum
argues that we see SDSS J1136+0242 very close to the axis of any ionization cone present. We can conceive of
two plausible explanations for why we see a strong UV continuum but no broad-line emission in this ‘face-on
radio galaxy’ model for SDSS J1136+0242: the continuum could be relativistically beamed synchrotron emission
which swamps the broad-line emission; or, more likely, SDSSJ1136+0242 could be similar to PG 1407+265,
a quasar in which for some unknown reason the high-ionization emission lines are very broad, very weak, and
highly blueshifted.

Subject headings:quasars: general — quasars: emission lines — quasars: individual (SDSS
J113658.36+024220.1, PG 1407+265)

1. INTRODUCTION

One of the goals of the Sloan Digital Sky Survey (SDSS;
York et al. 2000) is to obtain spectra for∼105 quasars, in
addition to the∼106 galaxies which comprise the bulk of
the spectroscopic targets (Strauss et al. 2002; Blanton et al.
2003). From astrometrically calibrated drift-scanned imaging
data (Gunn et al. 1998; Pier et al. 2003) on the SDSSugriz
AB asinh magnitude system (Fukugita et al. 1996; Lupton,
Gunn, & Szalay 1999; Hogg et al. 2001; Stoughton et al. 2002;
Smith et al. 2002), quasar candidates are selected primarily us-
ing color criteria designed to target objects whose broad-band
colors differ from those of normal stars and galaxies (Richards
et al. 2002a). Some of these quasars are bound to possess un-
usual properties.

Here we describe one such unusual quasar, SDSS
J113658.36+024220.1 (hereafter SDSS J1136+0242), which

exhibits strong Lyα emission but no detected metal-line emis-
sion. We discuss its unusual properties (§2), consider possible
explanations for them (§3), and conclude with suggestions for
further investigation (§4). Where needed, we assumeH0=70
km s−1 Mpc−1, ΩM=0.7 andΩΛ=0.3.

2. OBSERVATIONS AND PROPERTIES OF SDSS J1136+0242

2.1. Photometry and Variability

A catalog of observations and general properties of SDSS
J1136+0242 is given in Table 1. Besides the SDSS imaging and
spectroscopy, near-IR photometry was obtained on UT 2003
January 31 using the Infrared Side Port Imager (ISPI; Probst
et al. 2003) on the CTIO 4-meter telescope, with total exposure
times of 800 seconds inJ and 300 seconds inKs.

This object was imaged twice by the SDSS, and was un-
resolved in both epochs. Aχ2 analysis confirms variability
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between the two epochs of SDSSugriz imaging data (with
∆t=67 rest-frame days) at the 99.8% confidence level. Sim-
ilarly, gri magnitudes synthesized from the spectroscopy dif-
fer at the 85% confidence level from the earlier SDSS imaging
magnitudes (∆t=42 rest-frame days), but not from the later ones
(∆t=25 rest-frame days). All imaging magnitudes come from
data reduced with the same version of the SDSS photometric
pipeline, and the spectroscopic comparison is empiricallycali-
brated using observations of non-variable stars (Vanden Berk et
al. 2004).

2.2. Polarimetry

Photopolarimetry of SDSS J1136+0242 was obtained on UT
2003 April 5 using the EFOSC instrument on the ESO 3.6m
telescope at La Silla Observatory. SDSS J1136+0242 is un-
polarized, with observedi-band (rest-frame∼2300 Å) P =
0.7± 0.4% at θ=155±19◦ E of N. The observed lack of po-
larization means that the observed continuum does not come
from an elongated region surrounding the central source.

2.3. Radio Emission

SDSS J1136+0242 is a 1.44 mJy radio source in the FIRST
survey (Becker, White, & Helfand 1995). Despite being near
the FIRST flux limit, it appears marginally resolved in one di-
mension, with a deconvolved major axis extent of 6.′′84 at po-
sition angle 74.4±3.9◦ E of N. The FIRST peak flux density is
only 1.01 mJy, which is also suggestive of an extended source,
though not conclusively so (Ivezić et al. 2002). Accordingto
NED,16 SDSS J1136+0242 is not detected in any radio catalog
besides FIRST; thus, no interesting constraint can be placed on
its radio spectral index.

2.4. Spectroscopy and Redshift Determination

SDSS J1136+0242 was targeted for spectroscopy in the
SDSS as aSERENDIPITY target (a category including FIRST
sources fainter thani = 19.1; Stoughton et al. 2002) and as
a high redshift quasar candidate.17 The SDSS spectrum (Fig.
1) has a median signal-to-noise ratio (SNR) per pixel ranging
from 4 in theg band to 7 in thei band. It shows a single, mod-
erately broad Lyα emission line (FWHM≃1430 km s−1) with
accompanying Lyα and CIV absorption at three distinct red-
shifts within a velocity range of 2710 km s−1. The curvature in
the continuum between Lyα and∼1280Å is almost certainly
due to two-photon emission from the 22Sstate of HI (see §2.5).
The spectrum is well fit by the sum of two-photon emission and
a power-law withFλ ∝ λ0.15 (dashed lines; reduced chi-squared
is χ2

ν = 1.106, neglecting systematic errors in the spectropho-
tometry). This power-law spectral index is much redder than
the αλ= −0.4 found by Steidel et al. (2002) for a sample of
narrow-line, radio-quiet AGNs atz≃ 3 or theαλ=−1.56 found
for the typical SDSS quasar (Vanden Berk et al. 2001). In fact,
less than 0.5% of SDSS quasars in the study of Richards et al.
(2003) have such red continua.

To determine the systemic redshift of SDSS J1136+0242, we
simultaneously fitted for the Lyα emission redshift, the Lyα

absorption redshifts, and the CIV absorption redshifts using
IRAF.18 We assumed a single Gaussian profile for each com-
ponent. Each line’s width, height and center was allowed to
vary independently. The Lyα absorption redshifts very closely
matched the CIV absorption redshifts (Fig. 2), demonstrating
that the Lyα emission does not bias the determination of the
Lyα absorption systems’ parameters. The best-fit Lyα emission
redshift was identical to that of the highest redshift absorption
system to within the errors. We therefore adopted the redshift of
this system,z= 2.4917±0.0009, as the systemic redshift. (The
other associated absorption systems are atz= 2.4603±0.0004
andz= 2.4768±0.0002.)

To place limits on emission line fluxes, we simultaneously
fitted all broad emission and narrow absorption features listed
in Table 2 to the rest-frame spectrum. The spectrum was first
normalized by a single third-order spline fit to rest-frame spec-
tral regions at 1090–2460̊A free of strong emission lines seen
in normal quasars (inferred from Table 2 of Vanden Berk et al.
2001). Narrow absorption lines were allowed to vary in central
wavelength, depth, and width, except as noted. Because of the
obvious weakness of any emission lines besides Lyα, all broad
emission lines were constrained to have the same width as Lyα.
For NV and CIV doublet emission, we fit a single gaussian
whose FWHM was the quadrature sum of the Lyα FWHM and
the separation between the two doublet lines. Two fits to the
emission lines were made: one where the central wavelength
λcenwas allowed to vary because AGN emission lines often ex-
hibit velocity shifts (Richards et al. 2002b), and one whereλcen
was held fixed at theλobs values from Table 2 of Vanden Berk
et al. (2001). We refer to those fits as thevariable-λcen and
fixed-λcen fits, respectively. Only the variable-λcen fit results
are listed in Table 2, but line ratios for both fits are listed in
Table 3 (see Appendix A).

As seen in Table 2, a few emission lines are nominally de-
tected with rest-frame equivalent width (REW) values which
are non-zero at& 3σ significance. Theseσ values do not in-
clude the uncertainties in the continuum fit, and so may be un-
derestimates; however, we have also ignored the fact that the
errors in the FWHM and the peak value are correlated, which
will make theσ values overestimates. The differences between
the fluxes from the variable-λcenand fixed-λcen fits are illustra-
tive of the systematic uncertainties.

Because there is CIV absorption at the systemic redshift, the
fit to the CIV emission line depends on the fit to the absorption.
An unconstrained fit to the CIV spectral region yields consid-
erable broad emission which is masked by relatively broad ab-
sorption (FWHM of 574 km s−1). While we cannot completely
rule out such a fit, we adopt a more plausible fit where the CIV
absorption lines are constrained to have the same FHWM as
the Lyα absorption at the same redshift (431 km s−1). Even that
width is probably an overestimate for the CIV absorption, as the
other two associated systems have CIV widths only 20−40%
as broad as Lyα. Nonetheless, this fit is conservative in the
sense that narrower widths would further reduce the allowable
C IV emission strength, moving this object even further from
the norm for quasars.

16 The NASA/IPAC Extragalactic Database (NED) is operated by the Jet Propulsion Laboratory, California Institute of Technology, under contract to NASA.
17 Note that using the final version of the SDSS targeting software, SDSS J1136+0242 no longer qualifies as a high-redshift quasar candidate. SDSS J1136+0242
has colors red enough to place it very close to the stellar locus, and the SDSS quasar targeting algorithms are necessarily incomplete to such objects to avoid being
swamped by false positives. Objects with lines as weak as SDSS J1136+0242 but with bluer (or much redder) continua will betargeted, but the SDSS is not complete
to objects very similar to SDSS J1136+0242.
18 The Image Reduction and Analysis Facility (IRAF) is distributed by the National Optical Astronomy Observatories, which is operated by AURA, Inc., under
contract to the National Science Foundation.



LY-α-ONLY AGN 3

2.5. Hydrogen Two-Photon Emission and the Overall
Spectrum

The curvature in the continuum of SDSS J1136+0242 be-
tween Lyα and∼1280 Å matches the characteristic spectral
shape of forbidden two-photon emission from the 22S state of
hydrogen (Aller 1984; Osterbrock 1989). The spectrum is well
fit by the sum of two-photon emission and a power-law with
Fλ ∝ λ0.15, and the SDSS photometry from the same epoch
as the spectroscopy is also consistent with such a spectrum.19

The J−Ks color corresponds to a power-law spectrum of in-
dexαλ =−0.14±0.30, consistent within the uncertainties with
an extrapolation of the value ofαλ = 0.15 that fits the SDSS
spectrum. TheJ andKs magnitudes are fainter than an extrap-
olation of such a power-law; however, given the likelihood of
flux variability between the optical and near-IR imaging epochs
(Table 1), all the observations appear consistent with a spec-
trum which is the sum of two-photon emission and a rather red
power-law.

It is important to remember that HI two-photon emission
only occurs for electron densitiesne . 104 cm−3. Above
that density, collisions from the 22S state of hydrogen to the
22P state lead to Lyα emission (22P→12S) instead of two-
photon emission (22S→12S). Thus, we are not seeing emission
from gas with typical quasar broad-line region (BLR) densities
(∼ 1011 cm−3).20

The ratio of the integrated two-photon continuum flux to the
Lyα line flux (corrected for narrow Lyα absorption) in SDSS
J1136+0242 isF2q/FLyα = 4.60± 0.66. The intrinsic value
of this ratio is 0.45 < F2q/FLyα < 0.58 for 5,000K < T <
20,000K (Osterbrock 1989). Therefore, the Lyα emission flux
in this object must have been reduced by a factor of at least
9± 1. The only plausible destruction mechanism is absorp-
tion by dust within the Lyα emission region, where resonant
scattering of Lyα will increase its optical depth relative to the
two-photon continuum. (Colisional deexcitation or bound-free
ionization of then = 2 level of hydrogen would affect Lyα and
two-photon emission equally.)

Assuming the UV continuum is extincted by the Lyα-
emitting gas, the maximum plausible extinction corresponds
to a color excess ofE(B−V) = 0.15, using the Small Mag-
ellanic Cloud extinction curve of Pei (1992). That extinction
is the amount required to turn theαλ= −1.56 spectral slope
of a typical SDSS quasar (Vanden Berk et al. 2001) into the
estimated underlying UV spectral slope ofαλ= 0.15 in SDSS
J1136+0242. Extinction byE(B−V) = 0.15 would reduce
F2q/FLyα by a factor of 1.9 — the Lyα flux would be reduced
by a factor of 2.7 and the two-photon continuum by a factor of
1.4 in total.21 The additional required reduction of Lyα corre-
sponds to an optical depth to scattering only 5.1 times greater
in Lyα than in the adjacent continuum, which is easily achieved
(Korista & Ferland 1998). However, while a reddened normal
quasar spectrum plus reddened two-photon emission is an ac-
ceptable fit to the spectrum longward of Lyα (χ2

ν = 1.187) and
to theJ-band flux, it underpredicts theKs-band flux (rest-frame
6200Å) by a factor of two. SDSS J1136+0242 is too luminous
for this discrepancy to be explained by host galaxy emission,

and the relative contributions of the Balmer continuum in the
observedJ band and the Paschen continuum in the observedKs
band will make theJ−Ks color bluer, not redder, for all rea-
sonable power-law indices (Fig. 4.1 of Osterbrock 1989).

3. EXPLAINING SDSS J1136+0242

In this section we consider possible explanations for the un-
usual properties of SDSS J1136+0242. One discounted possi-
bility is that this object is a gravitationally lensed Lyman-break
galaxy (see Appendix B).

We first summarize our conclusions regarding the spectrum
of SDSS J1136+0242 so far. A low-metallicity but dusty
(E(B−V) . 0.15) narrow-line region withne . 104 cm−3 is
responsible for the weak Lyα emission and strong two-photon
continuum which contributes≥30% of the continuum flux at
1500Å. The underlying UV-optical continuum is well fit as a
power-law withFλ ∝ λ0.15, much steeper than usual for AGN,
though an intrinsically bluer power-law plus reddening cannot
be entirely ruled out. The emission-line flux of CIV is .5% of
the Lyα flux, compared to typical values of∼25% in quasars
(Vanden Berk et al. 2001) and∼15% in powerful radio galax-
ies (De Breuck et al. 2000). The Lyα linewidth is intermedi-
ate between these two classes of objects. The continuum is at
best very weakly polarized. Stellar emission cannot contribute
significantly to the continuum for the same reasons the lensed
Lyman-break galaxy hypothesis was rejected (see Appendix B).
We appear to be observing a featureless, power-law UV spec-
trum plus Lyα and HI two-photon emission from dusty gas.

3.1. SDSS J1136+0242 as an Unusual Narrow-Line Radio
Galaxy

It may be reasonable to think of SDSS J1136+0242 as the
spectrum of a radio galaxy plus a featureless continuum. The
radio power of SDSS J1136+0242 isP1.4GHz = 1034.15 erg
s−1 Hz−1, assumingαν = −1.25 near 1.4 GHz (De Breuck
et al. 2000). This radio power is within an order of magni-
tude of those of the powerfulz > 2 radio galaxies studied by
De Breuck et al. (2000). SDSS J1136+0242 is radio-loud as
defined by Ivezić et al. (2002), with a logarithmic radio-optical
flux ratio Ri = 1.43 sufficient to place it at or above the tradi-
tional Ri = 1 division even in the presence of reddening with
E(B−V) = 0.15.

The Lyα/C IV flux ratio of SDSS J1136+0242 would be ex-
treme, but not unprecedented, for a narrow-line radio galaxy.
The studies of De Breuck et al. (2000, 2001) include four ob-
jects out of∼50 with larger Lyα/C IV flux ratios. Their Lyα
emission is usually spatially extended, but the Lyα emission of
SDSS J1136+0242 could also be extended since SDSS spectra
are obtained through 3′′ diameter fibers. The most likely ex-
planation for the small CIV /Lyα ratio in those objects, and in
SDSS J1136+0242 if this model is correct, is a low metallicity
of 0.1Z⊙ or less in the line-emitting gas (Fig. 17 and §5.6 of
De Breuck et al. 2000).

The Lyα emission FWHM of SDSS J1136+0242 would also
be extreme, but not unprecedented, for a distant radio galaxy.
SDSS J1136+0242 has a FWHM larger than all but two objects

19 The photometry from the earlier photometric epoch, when theobject was fainter, is better fit with a redder power-law index (αλ = 0.30).
20 It is possible that the match of the spectral shape of SDSS J1136+0242 to that of the HI two-photon continuum is coincidental, since accretion disk spectra are
not expected to be pure power-laws (Hubeny et al. 2000). If so, then we could be seeing emission from a BLR withne > 104 cm−3 but with unusual parameters that
suppress emission from lines other than Lyα. We relegate further discussion of this rather unlikely possibility to Appendix A, and assume we have in fact detected
two-photon emission throughout the rest of the main text.
21 Emission at wavelengthλ from a slab with total optical depthτλ at that wavelength will be reduced by a factor ofτλ/(1−e−τλ ) from theτ = 0 case.
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in the sample of 52 studied by Baum & McCarthy (2000), both
of which were among the 10z > 1 objects in the sample. A
study ofz∼ 2.5 radio galaxies by van Ojik et al. (1997) found
Lyα FWHMs of 670–1575 km s−1, with the largest FWHM in
small radio sources (<50 kpc). Additionally, Lyα absorption
was seen in 9 of 10 small radio sources, but in only 2 of 8 ra-
dio sources larger than 50 kpc. Thus, the large Lyα emission
FWHM and presence of Lyα absorption in SDSS J1136+0242
is consistent with it being a compact radio galaxy.

The Lyα luminosity of SDSS J1136+0242 is not exceptional.
Lyα-emitting halos are often seen around powerful radio galax-
ies (van Ojik et al. 1997) and radio-loud quasars (Bremer et al.
1992), and occasionally around radio-quiet quasars (Bergeron
et al. 1999; Bunker et al. 2003). The observed Lyα luminos-
ity of SDSS J1136+0242 is 1.18× 1043 erg s−1, and even the
inferred intrinsic Lyα luminosity (see §2.5) of 1.06×1044 erg
s−1 is a factor of 10 below the largest Lyα luminosities seen in
radio galaxies (Villar-Martı́n et al. 2003).

The luminosity of the two-photon continuum is nearly un-
precedented, however. If only the two-photon continuum and
Lyα were observed, SDSS J1136+0242 would still haver =
21.5, a magnitude equalled by fewer than a handful of powerful
radio galaxies at 2≤ z≤ 3 (Chambers, Miley, & van Breugel
1988; Pentericci et al. 1997; De Breuck et al. 2001). The
Ks magnitude of SDSS J1136+0242 ties with the brightest ob-
served among powerful radio galaxies at 2≤ z≤3 in the sample
of Willott et al. (2003) and is≃1.m25 brighter than their best-fit
K−zrelation. Two-photon continuum is not usually considered
to be the dominant explanation for the UV continua of powerful
radio galaxies. However, it clearly contributes a similar fraction
of the continuum luminosity in some radio galaxies as it does
in SDSS J1136+0242 (Vernet et al. 2001), and the fact that dust
mixed with the emitting gas can modify the characteristic shape
of the two-photon continuum may mean that it is more common
than has been concluded from analyses that neglect that effect.

The volumeV of the region emitting the Lyα line and
the two-photon continuum can be estimated using the relation
LLyα = 4×10−24n2

e fV erg s−1 (Villar-Martı́n et al. 2003) with
the constraint thatne ≤ 104 cm−3. Relevant estimates of the
filling factor of the Lyα-emitting gas,f , range from 10−4 to
10−8 (§ 4.2.4 of Villar-Martı́n et al. 2003), but if we apply the
above equation to the intrinsicLLyα inferred from the SDSS
spectroscopy thenf must be such that the emission region in
SDSS J1136+0242 is smaller in angular size than the SDSS
fiber diameter of 3′′ (corresponding to 11.8 kpc atz= 2.4917).
Assuming a typical radio galaxy narrow-line region (NLR) with
ne = 102 cm−3 (Villar-Martı́n et al. 2003), a relatively high
filling factor of f > 2.5×10−5 is inferred. Spatially resolved
observations of the Lyα emission would clearly be useful to
clarify its origin and to jointly constrain the density and filling
factor of the Lyα-emitting gas.

One important difference between SDSS J1136+0242 and
the brightestz≃ 2.5 radio galaxies is that at least some of the
latter objects have much higher polarizations (5-10% vs.<1%
for SDSS J1136+0242; Vernet et al. 2001). This difference
can be explained if SDSS J1136+0242 is viewed close to face-
on, unlike most powerful radio galaxies. Such a viewing angle
maximizes the symmetry of any scattering, thereby decreasing
the observed polarization. For a biconical scattering region ge-
ometry with opening half-angle 45◦ and a maximumP = 17%
at a viewing angle from the cone axis ofϑ = 90◦, an observed
P < 1% is possible atϑ < 8◦ (Manzini & di Serego Alighieri

1996). The larger the opening angle of the bicones, the larger
the range ofϑ for which P < 1%, and of courseP = 0% for a
spherical scattering region.

3.2. Possible Origins of the Featureless UV Continuum

The scenario outlined above for SDSS J1136+0242 — a face-
on radio galaxy with an extended, dusty, low-metallicity, Lyα-
emitting NLR — explains many of its characteristics. We now
discuss possible explanations for why we see a luminous, fea-
tureless, and variable ultraviolet continuum but no emission
from the broad-line region, properties which are not immedi-
ately explained by this model.

• The observed variability, among other arguments, rules
out a stellar origin for the observed UV continuum (see
Appendix B).

• If by chance a gap in the obscuring matter enables us
to see the continuum source in this object, we should
also see emission from the broad-line region unless the
gap is very small (since the continuum source is smaller
than the BLR) or the BLR produces unusually weak
lines (see Appendix A). Some broad absorption line
(BAL) quasars have very weak metal emission lines, but
no BAL outflow has ever been seen to absorb emission
lines without also strongly absorbing the continuum.

• A related possibility is that weare seeing the contin-
uum source and the BLR, but that the latter has a very
high density ofnH & 1013 cm−3 and has thermalized
so that it emits only blackbody radiation. The domi-
nant range of temperatures expected for such emission
is 6000. T . 10000 K (Ferland 1999), and our pho-
tometry covers the peak wavelengths of such blackbod-
ies. There is no clear sign of such emission in the pho-
tometry or spectroscopy. It is true that blackbody emis-
sion could help explain the deficit ofKs-band flux found
when the spectrum is modeled as a reddened power-law
with αλ= −1.56 (§2.5), but the temperature of such pu-
tative emission would have to be 4000 K. T . 5500 K.
This is too narrow a temperature range, and too far be-
low the expected temperatures, to be considered a de-
tection of thermalized BLR emission.

• Perhaps we have an unobscured sightline to a central en-
gine which simply lacks a BLR. For example, Nicastro,
Martocchia, & Matt (2003) have suggested that AGN
with accretion rates< 10−3 of the Eddington rate might
lack broad lines. But if SDSS J1136+0242 was ac-
creting at such a low rate, explaining its observed lu-
minosity would require an implausibly large black hole
mass of& 1011.4 M⊙ (Peterson 1997; McLure & Dun-
lop 2004). Thus, a different explanation than that of
Nicastro et al. (2003) would need to be found if SDSS
J1136+0242 is shown to lack a BLR.

• Seyfert 2 galaxies are known to have an unpolarized,
featureless UV continuum which is not attributable to
starlight, but is plausibly due to optically thin free-free
emission (Tran 1995). However, this emission com-
ponent usually arises from outside the broad-line re-
gion, where any variability timescale should be longer
than the rest-frame 40-70 days observed in SDSS
J1136+0242. Moreover, this emission component typ-
ically accounts for only∼4% of the total UV flux of a
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Seyfert 1 galaxy, whereas it would have to account for
∼70% of the UV flux in SDSS J1136+0242.

• The continuum could be relativistically beamed syn-
chrotron emission from a jet pointing nearly along our
line of sight. The beaming factor must be at least
∼15 to explain the low equivalent widths of CIV and
C III ]. Beaming would be consistent with the face-
on orientation of SDSS J1136+0242 invoked to explain
the absence of highly polarized scattered light. While
synchrotron-dominated objects (blazars) usually have
high intrinsic polarizations, there are at least two possi-
ble explanations for why that is not the case here. One is
that such polarization is highly variable: some BL Lac
objects withP > 3% at one epoch have been seen to
haveP < 1% at another epoch (Jannuzi, Smith, & El-
ston 1993; Visvanathan & Wills 1998). The other is
that the synchrotron emission in blazars typically arises
from several emission regions, and that unless those re-
gions have aligned polarization vectors the overall po-
larization will be reduced (§ 4.1.1 of Lister & Smith
2000). However, there are two strong arguments against
this beaming hypothesis. First, the spectral energy dis-
tribution (SED) of SDSS J1136+0242 is much steeper
between radio and UV frequencies than is the case for
blazars (Fig. 12 of Fossati et al. 1998). Second, blazars
are typically polarized parallel to the radio jet axis, be-
cause the synchrotron emission arises in shocks where
compression yields magnetic fields oriented perpendic-
ular to the jet flow (recall that the polarization and mag-
netic field vectors are perpendicular). But in SDSS
J1136+0242, if we identify the radio major axis (§2.3)
as the jet axis then the polarization is consistent with
being perpendicular to it (∆θ = 81±20◦).

• SDSS J1136+0242 may be a higher-redshift, lower-
luminosity analog of the quasar PG 1407+265 (Mc-
Dowell et al. 1995), which has very weak, very
broad, highly blueshifted high-ionization emission
lines (CIV has REW=4.6±2 Å and is blueshifted
by 10200±1200km s−1 from Hα; both lines have a
FWHM of≃7000 km s−1). The SED of PG 1407+265 is
a very good match to the median radio-quiet quasar SED
of Elvis et al. (1994), and so its weak lines cannot be
explained by a very soft ionizing continuum (Leighly,
Halpern, & Jenkins 2004) or a relativistically beamed
continuum. Nonetheless, Blundell, Beasley, & Bicknell
(2003) have presented strong evidence for the existence
of a relativistic jet in PG 1407+265 oriented very close
to our line of sight. Unlike most blazars, PG 1407+265
has a very low polarization ofP = 0.24± 0.16% at
a position angle roughly perpendicular to the jet axis
(∆θ = 70± 20◦, assuming the jet axis is the A-B axis
in Blundell et al. 2003). These observations place PG
1407+265 in the class of low-polarization radio quasars
(Lister & Smith 2000). Such objects are thought to rep-
resent quiescent blazars whose jets do not harbor strong
shocks, resulting in magnetic fields which are not nec-
essarily oriented perpendicular to the flow.

PG 1407+265 and SDSS J1136+0242 are similar in that
they have weak UV emission lines, low polarizations
apparently oriented perpendicular to the radio jet axis,
and nearly face-on orientations. It is not known why
PG 1407+265 has such unusual emission-line proper-
ties,22 but whatever the explanation is, it may apply to
both objects. If SDSS J1136+0242 is similar to PG
1407+265, we expect that optical spectra with a higher
SNR will reveal very broad, weak, highly blueshifted
emission lines and that near-IR spectra will reveal strong
FeII emission (McDowell et al. 1995). In addition,
as a low-polarization radio quasar, SDSS J1136+0242
should have a radio core with the same, low polarization
as the optical continuum and with the same polarization
position angle roughly perpendicular to the jet axis.

4. CONCLUSION

The newly discovered, radio-loud AGN SDSS J1136+0242
is unusual in possessing a strong continuum without accom-
panying strong metal-line emission. Of∼2400 quasars in the
SDSS Data Release 1 quasar catalog (Schneider et al. 2003)
with z≥ 2.12, sufficient to place Lyα within the spectral cover-
age of the SDSS spectrographs, it is the only object with strong,
relatively narrow Lyα emission and no accompanying metal-
line emission (excepting broad absorption line quasars where
such emission is absorbed along with part or all of the contin-
uum).

The spectrum of SDSS J1136+0242 can generally be un-
derstood as that of a very optically luminous radio galaxy, in
terms of Lyα emission flux, velocity width, associated nar-
row Lyα and CIV absorption, CIV /Lyα ratio (from a low-
metallicity NLR), and even two-photon continuum strength
(§2.5 and §3.1).

However, SDSS J1136+0242 has a very strong UV contin-
uum not seen in radio galaxies (§3.2). This continuum is unpo-
larized, suggesting a face-on orientation for SDSS J1136+0242.
The continuum could be relativistically beamed synchrotron
emission which swamps the intrinsic broad-line emission, but
the SED of SDSS J1136+0242 is not a good match to known
synchrotron-dominated objects. A more likely possibilityis
that SDSS J1136+0242 is a PG 1407+265 analog: a low-
polarization radio quasar which for some unknown reason has
very weak, very broad, highly blueshifted high-ionizationemis-
sion lines. A better optical spectrum is needed to determine
if such features are present in SDSS J1136+0242. This sce-
nario predicts polarization perpendicular to the axis of the radio
jet, which is tentatively observed to be the case in both SDSS
J1136+0242 and PG 1407+265 but requires confirmation with
better polarization data.

In the unlikely event the Lyα is from a broad-line region of
typical density, the dip in the continuum otherwise attributed
to H I two-photon emission is unexplained. Also, the BLR
would have to consist predominantly of low-ionization or low-
metallicity gas (Appendix A). If the former, it is unclear what
about SDSS J1136+0242 causes its lack of the high-ionization
gas which dominates the broad-line regions of most AGNs. If
the latter, metallicities.1% of solar are required.

Further investigation of SDSS J1136+0242 would benefit
from better optical spectra (preferably spatially resolved to

22 A small number of ‘lineless’ quasars have been identified (Fan et al. 1999; Anderson et al. 2001; Leighly et al. 2004) whichhave weak emission lines for reasons
apparently unrelated to relativistic beaming, but which may be extreme examples of the Baldwin effect. However, SDSS J1136+0242 is not luminous enough for
its weak line emission to be plausibly explained by the Baldwin effect, even accounting for the large scatter in that relation — SDSS J1136+0242 is 2.5 times less
luminous than PG 1407+265 and yet has a CIV REW two times smaller.
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search for and measure any spatial extent of Lyα), better op-
tical polarimetry (or at least another epoch of the same quality),
deep, high-resolution radio imaging and polarimetry to deter-
mine the jet axis, near-IR spectroscopy to study the rest-frame
optical spectrum, and multiwavelength photometry to deter-
mine if its spectral energy distribution can be reconciled with
those of blazars.
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ington.

APPENDIX

AN UNUSUAL BROAD-LINE AGN?

If the match of the spectral shape of SDSS J1136+0242 to that of the H I two-photon continuum is coincidental, we might be
seeing emission from a BLR withne > 104 cm−3 and unusual parameters that suppress emission from lines other than Lyα.

Ferland (1999), hereafter F99, discuss the line emission from a single quasar broad-line region gas cloud as a function of many
different physical parameters. CIV emission is an important coolant in photoionized gas, and soweak CIV emission indicates
gas with low metallicity (logZ/Z⊙ ≤ −1), low ionization (logU ≤ −2), or both. Tentative emission line flux ratios and limits for
SDSS J1136+0242 are listed in Table 3, along with ratios fromtwo photoionization simulations given in F99. Figure 3 compares
several sets of line ratios: solid triangles (with 1σ error bars) are the variable-λcen measurements, open triangles are the fixed-λcen
measurements, crosses are from a low metallicity simulation (logZ/Z⊙ = −2), open squares are from a low ionization parameter
simulation (logU = −3, whereU is the ratio of the photon density at the cloud’s illuminatedface to the hydrogen nucleus density
nH ), and half-filled squares are estimates of a low ionization parameter simulation with a densitynH = 1011 cm−3 instead of the
baselinenH = 1010 cm−3 (see below).

The low-metallicity model is reasonably consistent with the data, but would be strongly rejected if the nominal detection of Al III
in the variable-λcen fit is correct. (The fixed-λcen fit yields only an upper limit on AlIII .) Note that the presence of associated CIV
absorption with saturated line ratios doesnot rule out the low-metallicity model. Even low metallicity CIV absorption systems are
often saturated at the SDSS spectral resolution, and the associated absorption systems often seen in AGN can be located in nearby
galaxies or in host galaxy disks or halos, as well as near the nucleus (Hamann & Ferland 1999).

Of the models plotted, the line ratios of SDSS J1136+0242 aremost consistent with emission from low-ionization, high-density
clouds. The greatest discrepancy (2−3σ) in that scenario is that SiIII ] is predicted to be∼10 times stronger than observed. Nonethe-
less, it is preferred over the normal density low-ionization simulation because the latter predicts too strong a CIII ] line, at the 4−6σ
level.

If we adopt the locally optimally-emitting cloud model pioneered by Baldwin et al. (1995), in which the emitting gas is assumed
to span a wide range in density and distance (and therefore ionization parameter), a low metallicity scenario is preferable. Otherwise,
we would have to explain why gas exists close to the black hole(to produce the UV continuum source) and far away from it (to
produce low-ionization emission), but not at intermediatedistances where broad metal-line emission is normally produced.

A LENSED LYMAN -BREAK GALAXY ?

We were initially enamored of the possibility that SDSS J1136+0242 could be a lensed Lyman-break galaxy (LBG) similar to
MS1512-cB58 (Yee et al. 1996), but with Lyα in emission. This was due in part to its spectrum being radically different from a
typical broad-line AGN and in part to the dip in the spectrum between Lyα and∼1280Å, which is not generally seen in quasars but
is seen in LBGs (Shapley et al. 2002). However, the evidence against lensing is overwhelming.

First, SDSS J1136+0242 is photometrically variable at the 99.8% confidence level, with∆mAB = 0.08±0.02 (averaged over five
bands) over 67 rest-frame days. Such variability is common in AGN but would be inexplicable for a Lyman-break galaxy.

Second, SDSS J1136+0242 is unresolved in the SDSSugriz imaging and inJ imaging obtained on UT 2003 April 19 at the
Canada-France-Hawaii Telescope (CFHT) with the CFHTIR camera. In the CFHT image, SDSS J1136+0242 has FWHM=0.′′59,
compared to FWHM=0.′′60±0.′′01 measured from 6 stars in the same image. A double-image lens with separation 0.′′2 would have
a FWHM=0.′′63 in 0.′′60 seeing, and so lensing with separation≥ 0.′′2 is ruled out at the∼ 3−4σ level. This does not necessarily
rule out a high magnification lens — for example, APM 08279+5255 has a separation of 0.′′378 and a magnification of∼40−90
(Ibata et al. 1999) — but it does considerably narrow the parameter space accessible to such a lens. Similarly, a cluster-lens such as
MS1512-cB58 is rendered unlikely by the non-detection of any other object within 11′′ in either the CTIO, CFHT or SDSS imaging,
to limits ∼3 magnitudes fainter than SDSS J1136+0242 ini, ∼2 magnitudes inJ, and∼1 magnitude inKs. A lensing cluster would
have to have a redshiftz&1 to avoid detection in those data.
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Third, the spectral properties of SDSS J1136+0242 are very different from those of LBGs. Its rest-frame UV spectral index
(αλ = 0.15) is much redder than is typical for LBGs (−1.09<αλ< −0.73; Shapley et al. 2002). And if it was a LBG, SDSS
J1136+0242 would go against the trend found by Shapley et al.(2002) for the UV continuum to become bluer with increasing Lyα
emission strength. Additionally, perusal of model UV spectra for a wide range of young stellar population models (Leitherer et al.
1999) reveals none with continua as featureless as that of SDSS J1136+0242.

We therefore conclude that SDSS J1136+0242 is not a lensed Lyman-break galaxy.

REFERENCES

Aller, L. H., ed. 1984, Physics of Thermal Gaseous Nebulae
Anderson, S. F., Fan, X., Richards, G. T., Schneider, D. P., Strauss, M. A.,

Vanden Berk, D. E., Gunn, J. E., Knapp, G. R., et al., 2001, AJ,122, 503
Baldwin, J., Ferland, G., Korista, K., & Verner, D. 1995, ApJ, 455, L119
Baum, S. A. & McCarthy, P. J. 2000, AJ, 119, 2634
Becker, R. H., White, R. L., & Helfand, D. J. 1995, ApJ, 450, 559
Bergeron, J., Petitjean, P., Cristiani, S., Arnouts, S., Bresolin, F., & Fasano, G.

1999, A&A, 343, L40
Blanton, M. R., Lin, H., Lupton, R. H., Maley, F. M., Young, N., Zehavi, I., &

Loveday, J. 2003, AJ, 125, 2276
Blundell, K. M., Beasley, A. J., & Bicknell, G. V. 2003, ApJ, 591, L103
Bremer, M. N., Fabian, A. C., Sargent, W. L. W., Steidel, C. C., Boksenberg,

A., & Johnstone, R. M. 1992, MNRAS, 258, 23P
Bunker, A., Smith, J., Spinrad, H., Stern, D., & Warren, S. 2003, Ap&SS, 284,

357
Chambers, K. C., Miley, G. K., & van Breugel, W. J. M. 1988, ApJ, 327, L47
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FIG. 1.— Full SDSS spectrum (resolutionR≃ 2000) of SDSS J1136+0242, smoothed by a 7-pixel boxcar filter, and accompanying 1σ uncertainties. The ordinate
is Fλ in units of 10−17 ergs cm−2 s−1 Å−1. Wavelengths of emission lines which are often strong in AGNs are marked, but only Lyα is unambiguously detected.
The dashed lines show the decomposition of the continuum into a power law withFλ ∝ λ0.15 plus HI two-photon continuum.

FIG. 2.— SDSS spectrum and 1σ uncertainties in regions of strong associated absorption.The ordinates areFλ in units of 10−17 ergs cm−2 s−1 Å−1. The three
associated systems have CIV redshifts ofz= 2.4604 (dotted),z= 2.4768 (dashed), andz= 2.4917 (dot-dashed). The vertical solid lines show intervening CIV
systems. The inset shows the unsmoothed spectrum around CIV , along with the best-fit continuum and variable-λcen C IV emission line. The main panel shows the
spectrum from Lyα to Si IV , smoothed by a 3-pixel boxcar. SiIV absorption (see Table 1) is most reliably detected atz= 2.4768 (dashed), and CII as well, although
the latter is at a slightly higher redshift ofz= 2.4784. NV is not detected at any of the three associated absorption redshifts, nor does it appear in emission.
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FIG. 3.— Line ratios for SDSS J1136+0242 and various photoionization simulations. Solid triangles (with 1σ error bars) are the variable-λcen measurements
from Table 3, open triangles and error bars are fixed-λcen measurements, filled squares are from the baseline photoionization model of F99, crosses are from the low
metallicity simulation (logZ/Z⊙ = −2), open squares are from the low ionization parameter simulation (logU = −3), and half-filled squares are estimates of a low
ionization parameter simulation with a density lognH = 11 instead of the baseline lognH = 10. Solid lines extending off the bottom of the plot are limits consistent
with zero. The dotted lines are reminders that the neither ofthe fits to the data allow the continuum to vary simultaneously with the lines, and thus all measurements
may be upper limits.

TABLE 1

OBSERVATIONS OFSDSS J113658.36+024220.1

MJD of 20-cm, Spectroscopic
Observation u±σu g±σg r ±σr i±σi z±σz J±σJ Ks±σKs mJy Mi plate/MJD-fiber

51009 · · · · · · · · · · · · · · · · · · · · · 1.44±0.15 · · · · · ·

51668 22.44±0.37 20.69±0.04 20.06±0.03 19.61±0.03 19.28±0.08 · · · · · · · · · −26.30 · · ·

51901 21.92±0.17 20.54±0.03 19.97±0.02 19.60±0.03 19.12±0.07 · · · · · · · · · −26.31 · · ·

51989 · · · 20.50±0.17 19.86±0.13 19.45±0.11 · · · · · · · · · · · · −26.46 513/51989-503
52670 · · · · · · · · · · · · · · · 18.93±0.11 17.77±0.14 · · · · · · · · ·

Note. — Optical magnitudes are SDSS PSF magnitudes (Stoughton et al. 2002) except for MJD 51989, when they are equivalentmagnitudes synthesized from the
spectrophotometry as described in Vanden Berk et al. (2004). To match the optical, the near-IR magnitudes were measuredin 7.′′4 apertures. All magnitudes are on the AB
system but have not been corrected for Galactic extinction;the GalacticE(B−V) is 0.02 (Schlegel, Finkbeiner, & Davis 1998). The 20 cm column gives the integrated 20 cm
flux density in milli-Janskies (mJy) from the FIRST survey (Becker et al. 1995). The absolute magnitudeMi was computed assumingαλ = −1.5 (Schneider et al. 2003).
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TABLE 2

SDSS J1136+0242 LINE DETECTIONS AND L IMITS

Line λrest
a Redshift FWHMb REWc Fluxd

Emission Lines
Lyα 1215.6701 2.4908±0.0006 1430±60 −33.8±3.4 315±32
N V 1240.14 2.584±0.002 (1720) < −0.57 <5.5
O I 1304.35 2.483±0.003 (1430) −1.71±0.41 17.4±4.2
C II 1335.30 2.500±0.003 (1430) −1.41±0.34 14.7±3.6
Si IV 1393.755 2.507±0.004 (1430) < −1.27 <13.8
Si IV 1402.770 2.507±0.026 (1430) −0.88±0.82 9.6±8.9
C IV 1549.06 2.496±0.003 (1510) −1.47±0.89 16.7±10.1
HeII 1640.42 2.495±0.006 (1430) −0.66±0.31 7.5±3.5
O III ] 1663.48 2.478±0.004 (1430) < −0.32 <3.6
Al III 1854.716 2.499±0.007 (1430) −0.19±0.29 2.1±3.5
Al III 1862.79 2.504±0.002 (1430) −0.70±0.22 7.7±2.4
Si III ] 1892.03 2.500±0.003 (1430) −0.25±0.26 2.7±2.8
C III ] 1908.73 2.490±0.003 (1430) −0.33±0.10 3.6±1.1
C II ] 2326.44 2.493±0.012 (1430) −0.42±0.36 4.0±3.4

Associated Absorption Line Systems
Lyα 1215.6701 2.4589±0.0011 510±160 1.43±0.56 · · ·

C IV 1548.202 2.4602±0.0003 226±50 0.84±0.31 · · ·

C IV 1550.774 2.4604±0.0001 155±77 0.61±1.29 · · ·

Lyα 1215.6701 2.4771±0.0012 910±150 7.07±1.53 · · ·

C II 1334.5323 2.4784±0.0006 180±130 0.63±0.49 · · ·

Si IV e 1393.755 2.4769±0.0001 112±30 0.27±0.35 · · ·

Si IV e 1402.770 2.4760±0.0048 250±260 0.55±0.90 · · ·

C IV 1548.202 2.4768±0.0002 188±35 1.03±0.22 · · ·

C IV 1550.774 2.4769±0.0003 212±71 0.91±0.36 · · ·

Lyα 1215.6701 2.4914±0.0001 431±37 10.1±1.1 · · ·

Si IV e 1393.755 2.4951±0.0002 62±21 0.18±0.12 · · ·

Si IV e 1402.770 2.4918±0.0006 124±60 0.26±0.33 · · ·

C IV 1548.202 2.4914±0.0004 (431) 1.12±0.44 · · ·

C IV 1550.774 2.4921±0.0004 (431) 1.19±0.36 · · ·

Intervening Absorption Line Systems
C IV 1548.202 1.7644±0.0006 77±56 0.58±1.10 · · ·

C IV 1550.774 1.7637±0.0003 97±37 0.64±0.37 · · ·

C IV 1548.202 1.8493±0.0003 (140±60) 1.34±0.58 · · ·

C IV 1550.774 1.8494±0.0002 (140±60) 1.19±0.53 · · ·

Mg II 2796.352 1.8497±0.0003 121±45 0.83±0.47 · · ·

Mg II 2803.531 1.8499±0.0002 96±33 1.37±1.29 · · ·

aVacuum rest wavelength in̊A (Morton, York, & Jenkins 1988). For emission lines, we usedtheλlab wavelengths given in Table 2 of Vanden Berk et al.
(2001), except for cases of well-separated doublets.

bRest-frame FWHM in km s−1. For emission and associated absorption lines, the rest frame used is that of the quasar (z = 2.4917). For intervening
absorption line systems, the rest frame is the weighted average CIV redshift of that system. Parentheses indicate fixed values that were not allowed to vary
during at least the final iteration of the spectral fitting.

cRest-frame equivalent width, in̊A, of the Gaussian fit to the line. The rest frames are the same as those used for the FWHM calculation. Upper limits are
1σ.

dFlux of the Gaussian fit to each emission line, in units of 10−17 ergs cm−2 s−1. Upper limits are 1σ.

eOnly Si IV λ1402.770 is believably detected atz = 2.4917, which is unphysical since it is the weaker of the two lines of the doublet. Similarly,
Si IV λ1402.770 appears stronger than SiIV λ1393.755 atz = 2.4768, which is again unphysical. Nevertheless, we include these absorption lines in our
fit to the spectrum because doing so yields a more conservative upper limit on the SiIV emission. No other plausible identifications for these lines have been
found (in particular, we can rule out NiII at both known intervening CIV redshifts).

TABLE 3

SDSS J1136+0242 OBSERVED AND MODEL LOGARITHMIC L INE FLUX RATIOS

C IV /Lyα C III ]/Lyα Si III ]/Lyα Al III /Lyα N V/Lyα N V/He II N V/C IV C IV /He II C IV /C III ] C III ]/He II C II ]/C III ]

Data, Variable-λcen −1.28+0.21
−0.41 −1.94+0.12

−0.17 −2.07+0.31
−∞ −1.61+0.12

−0.17 < −1.75 < −0.13 < −0.47 0.35+0.25
−0.63 0.68+0.24

−0.55 −0.32+0.19
−0.35 0.05+0.28

−1.01
Data, Fixed-λcen −1.96+0.11

−0.14 −2.02+0.21
−0.41 −2.4+0.5

−∞ < −2.03 < −1.7 < 0.21 < −0.74 −0.05+0.29
−1.38 0.06+0.23

−0.51 −0.11+0.21
−∞ 0.14+0.27

−0.90
Low Metallicity −0.8 −2.35 −2.725 −4.085 ≃−3.05 · · · · · · · · · · · · · · · · · ·

Low Ionization −1.65 −1.3 −1.3 −2.4 < −4 · · · · · · · · · · · · · · · · · ·

Note. — All “Data” values are the logarithms of the ratios of the line fluxes or limits. Low metallicity (logZ/Z⊙ = −2) line ratios are from Figure 4 of F99 except for
N V/Lyα, which also requires extrapolation from Figure 5 of Hamann et al. (2002). Low ionization (logU = −3) line ratios are from Figure 6 of F99. Both sets of line
ratios assume a power-law continuum withαν = −1.5 and densitynH = 1010 cm−3; the low-metallicity line ratios also assume logU = −1.5.


